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(54) Variable fragments of immunoglobulins - use ttor therapeutic or veterinary purposes 

(57) The present invention relates to fragments, 
especially variak)le fragments of immunoglobulins whicfi 
are by nature devoid of light cheiins these fragments 
being nevertheless capable of exhibiting a recognition 
and binding activity tornid specif ic antigens. 

The present invention further relates to the use of 
such immunoglotxjlin fragments formed of at least one 
heavy chain variable fragment or derived therefronrv for 
therapeutic or veterinary purposes and especially for 
passive Immunotherapy or serotherapy. 
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Description 

The present invention relates to fragments, especially variat)le fragments of immunoglobulins which are by nature 
devoid of Gght chains these fragments bang nevertheless capable of exhibiting a recognition and binding activity toward 
5 spedfc antigens. These fragments off immunoglobulins can for example be obtained by the expression in host cells for 
exanple in prokaryoticcdis or eukaryotic cells of nudeotide sequences obtah naturally expressing so- 

called *two-chain immunoglobulins*, for instance from anbrtdls of the camelid fantily. 

The present invention further relates to the use of such immunoglobulin fragments formed of at least one heavy 
chain variable fragment or derived tfierefrom, tor therapeutic or veterinary purposes and especially for passive immu- 
10 notherapy or serotherapy. 

Functional irnrnunoglobiiins devoid of light pdypeptide chains termed << two-chain immunoglobulin » or « heavy- 
chain inwnunoglot>ulin » have been obtained from animals of the family of camelids and have been described in an 
international patent application pubfished under nurTt>er WO 94/04678, together with two publications, especially Ham- 
ers-Castermanetat, 1993 and Muyldermansetal, 1994). 
15 The isolation and characterization of these immuno^obulins, together with their cloning and sequencing have been 
described In the atxave referr e nced documents wfiich are incorporated by reference in the present appOcaHon. 

According to WO 94/04678 It has t)een established that differerit inolecules ca^ 
uraOy produce them, which molecJes have functional properties of the well known four-chain immunoglobulins these 
functions being in some cases related to structural elements whteh are distinct from those involved in the function of 
20 four-chain immunoglobulins due for instance to the at>sence of fight chains. 

These immunoglobulins having only two chains, neither correspond to fragments obtained for instance by the deg- 
radation in particular the enzymatk: degradation of a natural four-chain model immunogtobuHn, nor correspond to the 
expression in host cells, of DNA coding for the constant or the variable regions of a natural four-chain model immu- 
nogk)bulin or a part of these regfons, nor correspond to antalxxJies produced In lymphopaties for example in mice, rats 
2S or human. 

The immunoglobulins devoid of light cfiains are such that the variable domains of their heavy cfiains have proper- 
ties differing from those of the four-chain immunoglobulin variable heavy chain (Vh) For clarity reasons, this variable 
domain according to the inventfon will be called Vhh this text to distinguish it from the dassk^l Vh of four-chain immu- 
noglobulins.The variat)le domain of a heavy-chain tmmunogksbulin according to the invention has no normal interactton 
30 sites with the or with the ChI domain whKh do not exist in the heavy-chain Immunogfobulins. It is hence a novel firag- 
rrient in rnariy ol its properties such as solutMlity and ooriformatk^ 

adopt a three-dimenstonal organizatton ¥Vhkii distinguishes from the three<fimensional orgariization of known four- 
chain imrnunogtobuHns according to the descriptton which is cpven by Cho^^ (1987- J.M0I. Btol. 197, 
901-917). 

35 According to the results presented in patent applk^ation WO 94/04678. the antigen binding sites of the isolated 
immunogtobulins, naturally dM)id of light chains are tocated on the variable regton of their heavy cfiains. In most cc^es, 
each heavy chain variable region of these two-chain immunogtobulins can comprise an antigen binding site. 

A further characteristic of these two-cf^ immurK)gk)bulins is that their heavy potypeptkie chains contain a varia- 
ble region (Vhh ) and a constant region (Ch) according to the d^inition of Roitt et al but are devokJ of the first domain 
40 of the constant region is called ChI. 

These immunogtobufins of the type described beresbwe can comprise type G immuriogtobulins and especially 
immunogtobulins whk:h are termed immunogtobulins of class 2 (lgG2) or immunoglobulins of dass 3 (IgGS), acoonfing 
to the classification established in patent application WO 94/04678 or in the publication of Muytdemnans et al (Protein 
Engineering V6I.7, N<^, pp 1 1 29-1 135-1994). 
45 The absence of the light chain and of the first constant dornain lead to a rnodificatio^ 
immunoglobulin fragments obtained by enzymatic dgestion, according to Roitt et al. 

The terms Fc and pFc on the one hand, Ftf and pFt on the other hand corresponding respectively to the papain 
and pepsin digestion fragments are maintained. 

The terms Feb, F(ab)2.F(ab*)2.Fabc Fd and fv are no longer applicable in their original sense as these fragments 
so have either a Rght chain, the variable part of the light chain or the CH^ domain. 

The fragments obtained by papain digestion or kiy V8 digestion, composed of the Vhh domain of the hinge re^on 
win be cdled FVhh^ or F(VHHh)2 depencfing upon whether or not they remain firtked by the disulphide bonds. 

The immunoglobulins referring to the hereabove given definitions can be originating from animals especially from 
animals of the camelid family. These heavy-ctiain immunoglobulins which are present in camelids are not associated 
55 with a pathological situation which would induce the production of abnormal antibodies with respect to the fou--chain 
immunoblobulins. On the basis of a comparative study of old worid camelids (Camelus bactrianus and Camelus droma- 
derius) and new worid camelids (for example Lama Paccos, Laina Glama, and Lama Vicugna) the inventors have 
shown that the immunoglobulins devoid of light polypeptide chains are found in all spedesw Nevertheless differences 
may be apparent in molecular weight of these immunobglobulins depending on the animals. Especially the molecular 
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weight of a heavy chain contained In these immunoglobulins can be from approximately 43 kd to approximately 47 kd, 
in particular 45 kd. 

Advantageously the heavy-chain immunoglobulins of the invention are seaeted in blood of camelids. 

The variable fragments of heavy chains of Immunoglobulins devoid of light chains can be prepared starting from 
immunoglobulins obtainable by purification from serum of camelids according to the process for the puification as 
desabed in detaO in the exarrples off WO 94/04678. These fragments can also be generated in host cells by genetic 
engineering or by chemical 8yrithesi& They can also be obtained from heavy-chain immunoglobulins by digestion with 
papain or V8 enzymes. 

The obsenmtion by the inventors that Gamelidae produce a substantial proportion of their functional immunoglob- 
ulins as a homodimer of heavy chains laddng the ChI domain and devoid of light chains(HamerB-Casterman et al, 
1993). led to the proposal of having recourse to an immunized camel to generate and select single variable antibody 
fragments (Vhh). 

Qoned camel single Vhh fragments were displayed on bacteriophages for selection and in bacteria for the large 
scale production of the soliisle proteins, and were shown to possess a superior solubility behaviour and affinity proper- 
ties compared to the mouse or human Vh equivalents (Muyktermans et al. 1994). Fbltowing this strategy, one would 
obtain small ligand binding molecules (MW around 1 6.000 D) which are not hindered by the presence of an oligopeptide 
linker (Borrebaeck ef al.. 1 992) or not inactivated by the disassembly of the VH-VL cotriplex (Glockshuber et a/.. 1990). 
The camel Vhh fragments have the additional advantage that th^ are characteristic of the heavy chain antibodies 
which are matured in vivo in tfie abserx^e of light cfiains. 

The inventors have obtained evidence that variable fragments of high chains of immunogtobulnns devoid of 
chains can cfisplay an effective therapeutic activity when they are generated against a determined antigen. 

Todevetop this technology of preparing and kJentifying usefull camel Vhh fr^ments. it is critical (i) that camels can 
be immunized wHh a variety of antig^ (i9 that the camel Vhh genes can be ck>ned and expressed on f Oamenteous 
phages and in E.ooli for easy selection with the immobilized antigen panning, fiiO that the eoqpressed camel Vhh*s are 
property fokied, and (i^ that they have good sohMrty properties and possess high affhities and specfficilies towards 
their antigen. 

Camel Vhh Q^nes derived from the heavy chain immunoglobins lacking the Oght chains were previously ctoned and 
analysed (Muyldermans et al., 1994). A corrparison of the amino add sequences of these camel Vhh clones deariy 
showed that the key features for preserving the characteristic Immunoglobulin fdd are all present. The specific amino 
acid replacements observed in the camel Vhh dones could correlate with the absence of the VL (variable light chains) 
and the functkxiality of the camel single Vhh domain (Muyldermans et al., 1994). 

The invention thus relates to a variable fragment (Vhh) ^ a heavy chain of an immunogtabulin devokJ of light 
chains, which Is encoded by a nudeotide sequence obtainable by the fdtowing process: 

- treating bkxxl lymphocytes or other appropriale cells of an animal of the eyelid 
a determined antigeri, in order to give access to their mRNA. 

- synthesizing a first strand of cDNA starting from the obtained mRNA, 

- contacting the obtained cONA with at least two different primer oligonudeotides in conditk)ns albwing their hybrid- 
ization to at least two complementary nudeotide sequences contained in the cONA, said primers comprising a 
BACK primer (back pi) having the following nudeotide sequence 5*-GATGTQCAGCTGCAG- 
GCGTCTGG(A/Q)GQAGG^*anda FORprimer(fbrp 1) replying to the following nudeotide sequence 5*-CGCCAT- 
CAAGGTACCQTTQA-3' 

- amplifying the DMA fragment located between the nudeotide sequence hybridized with said primers and, 
recovering anrplified DNA corresponding to bands of different size orders including: 

abandof around 750 basepeirs which is the anrf)lified product of the variable heavy cM CHI. hinge 
and part of CH2 regkm of a four-chain immunogtobin, 

a band of around 620 basepairs which is the amplified product of the variable heavy-chain (Vhh). k)ng Nnge. 
andpartof tfieCH2 of the camel two^diain immunoglobulin lgG2. 

a band of around 550 basepairs which is the amplified product of the variable heavy-chain (Vhh). ^"0®' 
and part of the CH2 of the camel twochain immunoglobulin lgG3, 

- purifying the two shortest bands from agarose gel, for example by Gene Clean, 

- recovering the amplified DNA fragments containing nudeotide sequences encoding the Vhh fragments. 

- digesting the amplified produds with restriction enzymes having target sites within the amplified fragments and/br 
in the nudeotide primers, for example with PstI and BstEII. 

- recovering the cSgested amplified DNA fragments. 

- ligating the amplffied Df^A fragments to a phasmid vector, for example In a pHEN4 vector, in conditions allowing the 
expression of the airpGfted fragments when the obtained recombinant vector is used to transform a host cell. 
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- transforming a detemuned bacterial host cell for example an E. Coli cell with the obtained recombinant phasmid 
vector, and growing the cells on selective mecfium. to form a library, 

- Infecting the obtained latxary of recombinant host cells after culture in an appropriate selective medium, with bac- 
teriophages, for instance M13K07 bacteriophages to obtain recorrtxr^ phagemid virions* 

6 - incubating the reconrtnnant host cells in conditions allcwing seaetion of recombinant phagemid virions particles 
containing the recombinant phasn^ for instance the pHEN4 phasmid packaged within the M13 virion. 

- isolating ard concentrating the reconiMnaritphagenrud virions, 

- sutwTvtting the phagemid virions to several rounds of panning with the antigen of interest previously immobilized, in 
concfitions allowing the adsorption of the phagemid virions on the immobiOzed antigen. 

10 - elutirig the adsort>edphagenr)idvtrior)s, and growing them on appropriate cells, 

- amplifying the phagemid virions by infecting the ceils with helper bacteriophage, 

- recovering the virions and testing them for their binding activity against the antigen of interest, for example by 
EUSA. 

- recovering the phagemid virions having the appropriate binding activity, 

IS - isolating the nucleotide sequence contained in the phasmid vector and capcdbie of being expressed on the 
phageinid virions as a Vhh anriinoadd sequence having the appropriate binding acti 

In a preferred enixxiiment of the invention, the variat)le Vhh fragments are obtainable by adding to the hereatx>ve 
described anpltfication step of the cONA with BACK and FOR primers (pi), a forther amplification step with a BACK 
20 primer oorresponcfing to the oligonucleotide sequence which has been described hereabove (back pi) and the FOR 
primer (for p2) having the following nucleotide sequence: 5*- CG ACT AQT GGGGCCGCG TGA GGA GAC GGTGAG 
CTG-3*. Not and BstEII sites wttich can be used for cloning in the pHEN4 vector have been underiined. This FOR primer 
allows hybridization to the codon position of framework 4 (FR4) region of ttie Vhh nucleotide sequences (amino add 
position 113-103). 

2S Accorcfing to another variant of the process described, this additional amplification step can replace the amplffica- 
tfon step which has been desabed with BACK primer and a FOR primer having respectively the following nucleotide 
sequences: 

y-GATOTGCAGKaBCAeCSCGISnsa 

5*-CGCCATCAAGGTACCGTTGA-3* 
30 The restriction sites have k>een underiined. 

In another enrtxxiiment of the invention the amplifk»tion step of the synthetized cDNA is peribrmed with oligonu- 
cleotide primers including hereakxyve described BACK primer and FOR primer having the following sequences: 

FOR primer 3: 5*- TGT CTT GGG TTC TGA GGA GAC GOT -3' 

FOR primer 4: 5*- TTC ATT COT TCC TGA GGA GAC GGT -3' 
3S According to this latter embodiment, the Vhh fragments of the Invention are immediately and specifically ampTrfied 

by a single amplification (for instance PCR reaction) step when the mixture of FO R primers is used. 
These latter prirners hybrkfize with the Nnge/fra^^ 

FOR primers alkiws the ampiffk^tton of one IgQ dass according to the dassiTication given In patent applicatfon WO 

94A)4678. 

40 The variak)ie Vhh fragmerrts coaesponding to this definitfon can also be obtained from other sources of animal 
cells, provkling that these animals are capable off naturally produdng immunoglobulins devokl off light chains according 
to those descrit)ed in tfie prevtous patent applicatfon WO 94/04678. 

These variabfo fragments (Vh^J can also be obtained by chemical synthesis or by genefi 
DNA sequences which can be obtained by the above described process. 

45 The variable fragment of a heavy chain of an immunoglobulin devoid of light chains according to the preceding def- 
initions is specif ically directed against an antigen against which the animal has been previously immunized, either by 
natiral contact with this antigen or by ad mi n is t ra tion of this an^ in order to generate an immune response cfirected 
against it 

The process which is proposed hereabove to prepare a nudeotide sequence coding for the variable fragments of 
so the invention contains steps of phage display llxary construction which allow the selection of nudeotide sequences 
coding for variable fragments of heavy chains having the desired specif idty 

Accorcfing to one preferred embodirnent of the invention, the variable fragrnents of a heavy M 
ulin devoid of tight chains according to the invention is obtainable from an animal having been previously immunized 
with ataxia espedallyatoxinof a bacteria or a part of this toxin suffident to enable the production of Immunoglobulins 
ss direded against this tODdn and especially immurioglobulins devoid of light chains. 

According to another embodiment off the invention, the variable fragments of a heavy chain of a immunogllobulin 
devoid off Bght chains according to the invention is obtainable from an animal having been previously imnrunlzed with 
sut>stances contained in verx)m of arsmals. 

The antigen used for immunization of the animals is usually under a non tdxlc form. 
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The variable fragmenls accofding to the invention can be derived from inrununoglobulins belonging to different 
classes especially belonging to IGg2 or IQg3 immunoglobulin dasses. acconfing to the cla s si fi cat i on given in patent 
application WOy0467a 

In a prefenred entxxOment of the invention, the variable fragment of a heavy^hain of an immunoglobulin devoid of 
light chains is directed against the tetanus toxin ol Qostridiumtetarti or against a fragment thereof. 

The variable fr^menls of heavy chains of immunoglobulins devoid of light chains can be also generated against 
tODdns or part thereof from pathogervc organ^ms such as bacteria and especially can be chosen among the toxins or 
toxoids of the following bacteria: aostridium, espectafly ClostricBum Botulinum or aostridlum Perfrinoens. Staphyloco- 
ccus. Pseudomonas, Pasteurella. Yersinia. Badlhjs Anth rada Neisseria. Vibrio, espedaily Vi)rio cholera, enterotoxic 
E CoR. Salmonella, Shigella. Listeria, 

Other antigens appropriate for the preparation of the Vhh fragments of the invention can be obtained from the fbl- 
lowing organism: anemonies, coral, jellyfish, spiders, beas, wasps, scorpions, snakes, including those belonging to the 
famifies of Viperidae, Crotalidae, Lapidea. 

According to another embodimemof the inventioa the variable fragniem Vhh of a heavy chain of an imrmmogl^ 
ulin dsMxd of fight chains is characterized in that ft comprises the following aminoadd sequences: 



GluValGlnLeuGlnAlaSerGlyGlyGlySerValGlnAlaGlyGlySerLeuArgLeuSer 



CysAlaAlaSeK3iy(CDR1)Trp(Phen'yr)ArgGlnAlaPro^ 



(Glv/LeuWalSertCDR2VAmPheThrlleSerArQAsDAsnAlaLvsAsnThfVal 



TyrLeuGlnMetAsnSerLeuLysPix>GluAspThrAlaVaiTyrTyrCysAlaAla(CDR3) 



TrpGlyGlnGlyThrGlnValThrValSerSer 

wherein CDR1, CDR2 and CDR3 represent variable amino add sequences providing for the recognftion of a deter- 
mined epHope of the antigen used for the immunization of Camelids. CDR1, CDR2 and CDR3 sequences comprising 
from 5 to 25 amino add residues preferably CDR1 contains from 7 to 12 anvno add residues, CDR2 contains from 16 
to 21 amino add residues and CDR3 contains from 7 to 25 amino add residues. 

The camel Vhh epedf ic amino add residues Ser 1 1 , Phe 37, GSu 44, Arg 45, Glu 46, Gly 47 are underiined. 

One preferred variable fragment according to the invention is encoded by a nudectide sequence present in recom- 
binant phasnrud pHEN4^TT2(WKQ deposited at the BCCM/LMBP (Belgium) under accessfon number LMBP3247. 

The pHEN4aT72 (described on Figure 2) Is a phasmid carrying a PelB leader signal, a camel Vhh oene of which 
the protdn binds tetanus toxoid, a decapeptidet^ (from lnmr«jrK>^^ lllpof M13inthepUC 

1 19 polylinker between the Hindlll and EcoRI sftes. This phasnrud was transformed in E. coll WK6 cells. 

A specif ic variable fragmem according to the invention is for instance characteriz 
aTTI aminoadd sequence: 
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GluValGlnLeuGlnAlaSerGlyGlyGlySeiValGlnAlaGlyGlySerLeuArgLeu 
SerCysAlaAlaSerGlyGlyGlnThrPhe^l^SerryrA/aMetA/aTrpPfteArgG^ 
AlaProGlyLy5GluCys6luLeuValSerSer//elleGly>l^>lsp>lsn>l/9AsA7>r 
>llaAspSefV8/Lys6iyArgPheThrlleSerArgAspAsnAlaLysAsnThrValTyr 

LeuGlnMetAspArgLeuAsnProGluAspThrAiaVaITyrTyrCysAlaGlnLefiG(K 
SerA/aA/ySerA/aMefryiCysAlaGlyGlnGlyThrGlnValThrValSerSer 

According to another prefemd entwdiment of the presert 
aTT2 aminacid sequence : 

GluValGlnLeuGlnAlaSerGlyGlyGlySe/ValGlnAlaGlyGlySerLeuArgLeu 

SerCysThrAlaAlaAsnTyrAlaPheAspSerLysThrValGlyTrpPheArgGlnVal 

ProG\yLysG\\jArgG\uG[^a\fiJiaGtylleS9rSerGlyGlySwTrirThrAlaTyr 

SerAspSerVa/LysGlKArgTyrThrValSeileuGluAsnAlaLysAsnThrValTyr 

LeuLeulleAspAsnLeuGlnProGluAspThrAlalieTyrTyrCysAlaGiy Ua/Ser 

GlyTrpArgGlyArgGlnTrpLMlMiLBuAhKi\uThrJyrArgPhelTp&yG^ 

ThrGlnValThrValSerSer 

In a preferred errtodiment of the inventioa the variable Vhh fragment of the invention is attered in order to diminish 
its inmjnogenic properties. Such a modificalion can lead to an alternated imnfwnological reacti^ 
nrants of the invention when ttiey are adnnnistered to a host either human or animal, for passive in^^ 
eooinple. 
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The invention further relates to a pharmaceutical compoeHion comprising an Immunoglobulin heavy chain variable 
fragment according to those which have been defined hereabove* in admixture with a physiologtcaDy acceptable vehi- 
cle. 

Such phannaceutical composition can be used for the treatment by passive immunisation, of infections or acute 
5 intoxications by toxins such as those of Clostridium , espedaPy Clostridium Botulinum or Clostridium Perfrinoens. Sta- 
phylococcus. PseudQiTiQnas, Pa?teur^la. Yersinia. BadBus Anthracfe. Neisseria. Vhno. espedafty Vibrio cholera. 
enterotoxic QdL Satmoneila. Shtqella. Listeria or anemonles, coral, jeilyf'eh. spiders, beas, wasps, scorpions, 
snakes, induding those t>elonging to the famiGes of Vf>eridde, Crotalidae, Lapidea 

The present invention further relates to nudeotide sequences coding for a variable fragment (Vhh) ^ & heavy chain 
10 of an immmoglobufin devoid of 6ght chains, obtainable by the proc^ 

Specffic nudeotide sequences are those corresponding to aTTI and aTT2 as descra>ed on figures 4A and 4B. 
According to an embodiment of the invention, a preferred nudeotide sequence is the sequence contained on phas- 
mid pHEN4-aTT2 deposited at the BCCM/LMBP cdlection in Belgium on January 31. 1995 under na LMBP3247. 
Other characteristics of the invention will appear from the figures and the examples which are described hereafter. 
IS FIGURE 1: 1% agarose gel electrophoresis of the Pstl/BstEII (figested PGR amplification product of the camel Vhh 
gene (lanes 1 and ^ next to the 1 23 tip ladder of BRL used as a size maricer (lane 4). The PGR product oomigrates 
with the 3*^ bard off the martoer. 369 bp in length. 

FIGURE 2 : Map of ttie pHEN4 with the nudeotide sequence of the Vhh cloning site shown in the lower part of the 
figura The PstI and BstEII sites can t>e used to done the camel Vhh PCR product shown in Figure 1. 
20 FIGURE 3 : 1 00 iridividual dones were rarxtomlysdectedfnm the original camd 

(1), second (2), third (3) or fourth (4) round of panning. After M13 infection the virions were tested for binding activity 
against imrnobilized tetanus toxoid The number of positive dones are shown as a fu 

FIGURE 4 : IMudeotide sequence and the corresponding amino add sequence of the two identified camel Vhh ^ 
tetanus toxoid dones pHEf44^TT1 and pHEN4-aTT2. The framewortc S^l. Phe37 and Arg or Gys 45 characteristic for 
25 the camel Vhh heavy chain antaxxfies (Muyldermans et al, 1994) are double underfined. The three hypervariabie or 
GDR's according to Kabat et al, (1991) are underlined. 

FIGURE 5 : SDS-polyacrylamide gel electrophoresis of the proteins extracted from the periplasm off WK6 cultures 
induced with IPTG. Lane 1 & 8, protein size maricer (Pharmacia) MW are (from top of to txrttom) 94,000; 67,000; 
43.000; 30,000; 20,100 and 14,400 D. Lanes 2 and 7 Bq^ressed periplasmic proteins extracted from WK6 cells contain- 
30 ing pHEN4-aTT2' and pHENA-aTTV doning vector. Lane 3 & 4, Purified Vhh domain of pHEr44-atT2 at 10 and 1 
microgram. Lanes 5 & 6, Purified Vhh domain off pHErM4-aTT1 at 10 and 1 migiograia The position of the expressed 
soluble camel VH protein is Inficated with an arrow. It is deariy absent in the second lane. 

FIGURE 6 : The total periplasnvc extrad of 1 liter of culture of WK6 cells carrying the pHEfsl4-aTT2 was concen- 
trated to 5 ml and fractionated by gel fatration on Superdex 75 (Pharmada) using ISOmM NaCL, 10 mM sodiurrphos- 
3S phate pH7.2 as eluenL The pure Vhh is eluted at the fractions between the arrows^ 

FIGURE 7 : CD (Circular dichroism) spectrum (Absortiance versus wavelength in nm) of the purified Vhh domain 
aTT2 at 3.9 X 10"^ Min mter measured in a oivette with a pathlength of 0.2 cm. The neg^ 
nm and the positive t>and around 195 nm are charaderistic for p structures (%John 1990). 

FIGURE 8 : Spedfidty of antigen binding shewn by conrpetitive EUSA. The experiments were carried out in trpli- 
40 cate with the t>acterial periplasmic extracts of pHEf44-aTT1 and pHEN4-aTT2. 

FIGURE 9: Number of mice sunmring after LP irijection of 1 00 ngr tetanus toodn ( 10 x LD50} or co-irijection of teta- 
nus toxin with the purified VHHaTT1,aTT2 or the non-specific cVH21 (Muyldermans^al.. 1994) at 4 or 40 microgram. 
FIGURE 10: >^riability pM of the camelid Vhh sequence (GDR3 arxl framework 4 regions are not induded). 
The alignment of the Vhh amino add sequences of camel and lama (a total of 45 sequences) was performed 
45 according to Kabat etal. The variabilrty at each position was calculated as the nun^ 

at a given position, (fivided by the frequency of the most common amino add at that position. Positions are numbered 
accorcSng to Kabat et al. The positions above the horizontal bar in(ficate the amino adds wftich are referrred to as 
(CDR1) and (GDR2) in the consensus sequenca 

A variat>ility number equal to 1 indicates a perfectly conserved amino add at that position. The higher the variability 
so nuri4>ertheriK)reliMyltwillbethattheaiTiino8ddat1hlspo6i^ 

Examples: 

GenfiratlQn gf spgfffflp camaymfragmeiia 

55 

In this application. resuHs are presented, which prove the feasibility of generating specific camel Vhh fragments 
with demonstrated folding and good binding affinity. This was done by generating a IfbtBry of camel Vhh fragments 
derived from the dromedary lgG2 and lgG3 isotype,dsplay of the Vhh H:>rary on phage as fusion proteins with the gene 
III protein of bacteriophage M13 to allow selection of the antigen binders, and finally of e)9)ressing and extracting the 



7 



EP0739981 A1 



soluble and functional Vh h fragments from E.ooli. As antigen, we choose the tetanus toxoid was chosen t)ecause com- 
parisons are posstljle with put)Gshed data. In addition, the tetanus toxoid is a Nghly inrvnunogenic protein that is rou- 
tinely used as a vaccine in humaris to elicit neutralizing ant3xxfies.The two camel Vhh fragments that were identified 
were specfftc and of high affinity. The affinities of the two camel Vhh fragments appear to be comparable with those from 
5 the human anti-tetanus toxoid Ff^'s recently obtained by Mullinas et al. (1990) and by Persson et al. (1 991). 

Camel Immunization 

The serum of a camel (Camelus dromedarius) was shown to be non-reacting with tetanus toxoid (RrrSmith Kline 
10 Beecham, Rixensart. Belgium). This cainel was injected with 100 pgr t^anus toooxd at 
pgr at days 220, 293 and 449. The bkxxJ was coOected 3 days after each injecti^ 

mRNA puriflcaHon of camel Mood IvmphocytBS 

IS Peripheral blood lymphocytes were purged with Lymphoprep Cf^lycomed, Pharma) from the bleeding at day 452. 

Aliquols ol 1 .10^ ^10^ cells were pelleted and firozen al - 85^ and siibsequentty 

mRNA for anti-tetanus toxM. 

The mRMA was prepared from a total of 10® perpheral blood lymphocytes either by the "Micro F^Track" mRMA 

isolation kit (Invttrogen) or the XKiickPrep Mk;ro mRNA Purificatk>n' kit of Pharmacia, following the recommendations 
20 Of the manuf^;turer. With both protocols, up to a few pgr of mRNA was obtained which was used in the siteequent 

cDNA synthesis step. 

cDNA synttiesis and PCR ampllfkation of camel V^^ gene 

25 The first-strand cDNA was synthesized with the tnvitroqen "cDNA-cyde" or the Phamnada 'Ready-To-Go'kit The 
first-strand cDhJA was used immediately afterwards for the specif » amplifk»tk>n of the camel Vhh region by PCR. The 
primers used have fdtowing sequences : the BACK primer {ST-GA TGTGCAQQIQC^GCGTCTOG(A/G)GGAGG-31. 
the internal PstI site Is underiined) is designed to fiyt)ridize tothe framework 1 region (codons 1 to 10) of the camel Vhh. 
whOe the FOR primer (y-CGCCATCAAQGTACCGTTGA-3') hybridizes in the CH2 region. The PCR was can^ied out 

30 with the Tag polymerase from Boehringer hfannheim. 

The PCR product was purified according to standard protocols (Sambrook et al., 1 989) and digested with the PstI 
restriction enzyme of wfitoh the target site occunred in the BACK primer, and with BstEII which has a naturally occum'ng 
site in the framework 4 of the camel Vhh regions. The resulting fragments of approximately 360 bp (FIGURE 1) were 
ligated into the pHEN4 vector cut with the same restrictkm enzymes. The pHEN4 vector (FIGURE 2) is the pHENI 

35 phasnrid (Hoogenboom et al., 1991) - a pUC1 19 based vector -where the myo-tag was replaced by the decapeptide tag 
present in the InvnunoZAP H vector (Stratacyte). Also the polylinlver was modified to alkyw the ck)ning of the camel Vhh 
gene between a PstI and a BstEII site tocaled after the PelB leader signal and in ftront of the decapeptide t^ and gene 
III of bacteriophage M13. 

40 OoristntctlpnotawifiieiYM^^ 

The ligated DMA material was precipitated with 10 volumes and resuspended In 10 ml water and electrotrans- 
formed in E.coli XL1 Blue MRP cells (StrataoeneV After electroporatk)n accordino to the recommended protpcol (Strat- 
aqene) we kept the cells for 1 hour at 37*'C In 1 ml SOC medium before plating on LB plates containing 100 mg 

45 ampk;illineM. After an over night incubation at 37°C the transformed cells were grown out into colonies and some 
500,000 reconftN'nant clones were obtained. About 20 ookinies^ randomly selected, were toothpteked and grown in 
selective medium (LB/Ampidlline) to prepare plasmki DMA and to check their Insert by sequencing. For each ctone 
tested, we found a different Vhh regk>n with the aminoacki sequence and contents characteristk: for a Vhh originating 
from a camel heavy chain immunogk)bulin (MuyUermans et al.. 1994). This Indk^ates that a vast camel Vhh library was 

50 generated. 

The remaining 500,000 clones were saaped from the plates with a minimal anxxint of LB containing 50% ^ycerd 
and stored at -85"C until further usa 

Panning with tetanus toxoid 

55 

The Ibrary was saeened for the presence of antitetanus toxoid camel Vhh*^ by panning. To this end, approod- 
rnately icy^ cells (°5 rnl 8uspensk)n ol the frozen recorrixnam ctones) were grow^ 

LB medium supplemented with 1% glucose and 100 pg ampk^iDine/inl before infection with M13K07 bacteriophages. 
After adsorptkxi of the bacterk)phages on the Efifili ceOs for 30 nmn at room 
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centrifugation and washed in LB medium si^fiplemented with ampidlGne and kanamydn (25|ig/iml).The cells were incu- 
bated Gvemi^ at 37**C Id secrete the reoont>inant pHEN phasmid packaged within the M13virion containing a camel 
Vhh to some of its M13gene III proteins (Hoogertfx>om et al.. 1991). The phagemid virions were prepared accord- 
ing to the protocol descrbed l)y Bart>as et al. (1991). The phage pellets were resuspended in t)k)cking solution (1% 

5 casein in phosphate kxjffered saline, PBS), filtered through a 02 mm filter into a stenle tut>e and used for panning. For 
the panning the Falcon 3(M6' plates were coaled Gvemi£^ with O^mgA^ PBS 
or hydrogencarfaonate pH 9.6.The wells were subsequently washed and residial protein binding ^es were blocked 
with blocking solution at room temperature for 2 hours. The adsorption of the phagemid virions on the immobilized anti- 
gen and the washing and elution conditions were aooord^ng to Marks et al (1991) or were taken from the protocol 

10 desabed bjf the dRecomtsinant Phage Antftxxly System))of Pharmacia 4 consecutive rouncte of panning were per- 
formed. After the fourth round of panning the eluted phagemid virions were added to exponentially growing TGI ceOs 
(Hoogenboom et al. 1991) and plated onampidirine containing LB plates. After overnight growth several cotonies were 
grown individuaily in LB medium to mUlogarithmic growing phase, and infected with M13K07 helper phaga The virions 
were prepared and tested for their k>inding activity against tetanus toxoid immobilised on microtiter plates. The presence 

IS of the virion binding to the immobilized antigen was revealed by ELISA using a Horse RadishPeroxklase/anti-Mia con- 
jugate (Phanmciq). The percentage of binders was Increasing after each round of panning. In the original Gbrary we 
found 3 ch)nes out of 96 whk:h shewed binding with the Immobflizes tetanus toxokJ. This nunter was increased to 11, 
48 and 80 after the first second and th'rd round of panning. All of the individual ck>nes which were tested after the fourth 
round of panning were capable to recognize ttie antigen, as measured by EUSA (FIGURE 3). Ten positive clones were 

20 grown and tested tiy PGR to check the presence of an insert with the proper size of theVHH gene, and their DNA was 
finally sequenced. The sequencing data revealed that two different dones were present among this set of 1 0 ctones. 
The phasmid DNA of these ctones was named pHEN4-aTn and pHEN4^TT2, (The pHEN4-oTT2 phasmkJ DNA was 
deposited at the "BelgianCoordinated Collections of Microorganisms" BCCM/LMBP on January 31. 1995 under acces- 
ston number LMBP3247). and it was shown that tiiese two different ctones contained a cDf^ coding for a camel Vhh 

2B (FIGURE 4). Comparison of ttie amino ackis in tiiese ctones witti the camel Vhh ctones analysed before (Muytoermans 
et al., 1994) dearly indtoated that the anti-tetanus camel Vhh originated from a heavy chain immunoglobulin lack the 
CHI donwin and light chains. Especially the klentity of the key resxiu^ (Se4. 37 (Phe) and 45 (Arg or 

Cys) and 47 (Leu or GMprooved this statement (MuyUemnansetal., 1994). 

90 Production of soluble camel V^^ with anti-tetanus toxoid acBvitv 

The phasntid DNA of the two ctones whtoh scored positive in the tetanus toxoto ELISA were transfomied into WK6 
cell& These cells are unat>le to suppress the stopcodon present in the vector t>etween tfie decapeptidetag and the gene 
111 protein. The WK6 Ecofi cells hartxxing the pHEf44-aTT1 or pHEN4-aTT2 phasmid were grown at 37'C in 1 liter of 

3B TB medium wrtii 100 mgr amptoillinAril and 0.1% glucosa When the cells reached an OD^ of 1 .0 we harvested the 
cells by centrifugation at 5000 rpm, 10 minute& The ceD peOet was washed once in TB medium witti amptotllin, but 
ommitting the glucoe& The ceOs were finally resuspended in 1 liter of TB med'oim witti amptoiHin (1 00 mgr/ml). We 
inducedttieexpressionof the camel Vhh domain the addition of 1 ^ IPTQandfurtfiergrowtiiof ttiecellsat28<'C 
for 16 hours. The expressed proteins were extracted from the periplasmto space following the protocol desafbed by 

40 Skerm and Plucttiun (1988). We pelleted ttie Ecoli cells by centrifugation at 4000g for 10 mia {A^C). The cells were 
resuspended in 10 ml TES buffer (0.2 M Tris-Ha pH 8.0, 0.5 mMEDTA, 0.5 M sucrose). The suspension was kept on 
toe for 2 hours. The periplasmto proteins were removed by osmotto shock by addition of 20 ml TES diluted 1/4 wHh 
water. The suspension was kept on ice for 1 hotv and subsequenflycentrifuged at 12,000 g for 30 minutes at 4''C. The 
supernatam contained the expressed camel Vhh domain. The esctractcorrespording to 4^ culture was appGed 

46 under reducing concfitions on a SDS/jpdyacrylamide protein gel. The extracted proteins were visualized in the 
SDS/j90lyacrylamide gels by Coomassie blue staining (FIGURE S). A protein band witti an apparent molecular weight 
of 1 6,000 D was clearly present in ttie EfiOli cultures containing ttie recombinant ctones and Muced wHh IPTa Alter- 
natively, ttie presence of the camel Vhh Proteins in the extract was revealed witti IPTG. AHematively.the presence of ttie 
camel Vhh proteins in ttie extract was revealed by Western btot i^ng a specific rabbit anti-camel Vhh or rabbit anti- ' 

so dromedary IgGsermn or the anti-tag antibody. 

We estimate from ttie band intensity observed in ttie Cooniassie stained gel ttiat rn^ 
protein (non-purified) can be extracted from the periplasm of 1 liter induced E.oo// cells. 

For the purification of the anti-tetanus toxoid camel Vhh vve concentrated the periplasmic extract 10 times by ultra- 
filtration (Milipore membrane with a cut off of 5000 Da). After fBtration ttie concentrated extract from ttie pHEN4-aTT2 

55 was separated according its molecular weight gelfiltration on Superdex-75 (Pharmacia) (FIGURE 6) equilOxated 
witti PBS (10 mM phosphate buffer pH7.2, 150 mM Mad). The peak containing ttie anti-tetanus toxokJ activity eluted at 
ttie expected nrioleciriar weight of 16,000 Da incficattng ttiat ttie prot^ 

solution. The fractions containing the pure Vhh determined by SDS-RAGE) were pooled and the concentration was 
measured spectrophotometrically using a catoulated E280 (0.1%) of 1.2 and 2.3 respectively for ttie aTTI and aTT2. 
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Rom the UV absorption at 280 nm of the poded fiBCtkm 

of k>acterial cultura The puiiied protein could be further ooncentrated by ultrafiltration to 6 mgrAni in PBS or water with- 
out any sign of aggregation, as seen on the UV spectrum. 

Concerning the expression yield in Ecoli it should be realized that at this stage we didnl try to optimize the expres- 
5 sion or the protein extraction conditions. However, as the yield of the purified aTT2 camel Vhh reached 6 mgr per fiter 
of bacterial ojlture. and as we obtained the solii>le protein at a concentration of 6 ^ 

is comparable or belter than other scfVs or F^b's expressed in E.a>//. Furthermore, the solubiGty of the camel Vhh 
aTT2 is certainly better than that obtained for the nriouseN^fragrnenls. The yield and solubiOty is certainly in the range 
needed for most appOcations. 

10 To proove the proper folding of the purified protein, the aTT2 was brought at a concentration of 3.9 x 1 0*^ M and 
used it for CD measurement (FIGURE 7). The CD spectrum is characteristic for a polypeptide with a b-pleated sheet 
folding as expected fbr a well structurated immmoglobulin fold (Johnson. 1990). 

15 

The binding of the camel Vhh antibody to the tetanus toxoid immobifised on the microliter plates was revealed l>y 
the successive incubation with firstly, the rabbit antiH^^ 

rabbit/alkaline phosphatase corrugated antbodies (Sigma). The apparent affinity of the camel Vhh proteir^ against tet- 
anus toxoid was estimated by inhi>ition EUSA exac^ as desaibed by Persson et al. (1991) for the human anti-telanus 

20 toxoid Fab fragments they produced in E^soii 

The specificity of the soluble camel Vhh ^ tetanus toxoid was suggested from the ELISA experiments in which 
we corrpeted the bindng with free antigen was conpeted. An appareminhi^ 10^ 10~®Mwas 

observed for both Vhh fragments (FIGURE 8). This compares favorable with the inhibition constants for the human anti- 
tetanus toxoid Fab fragments cloned by Persson et al. (1991) which were in the range of 10'^ to 10'^ M. 

2S The measurement of the affinity constant by EUSA is however, more refiable if determined according to the proce- 
dure of Rriguet et a/. (1987). With this protocol we found an affinity constant of 6.10^ M*^ and 2.10^ M-^ fbr the aTTI 
and aTT2 respectively. These alfinitiee are consistent with a spedfc VnH-entigen interaction (the polyspedf ic antibod- 
ies generally bind their antigen wUh affinities of 10^ or less (CasaH ef a/. 1989)). 

30 Epitope recognition of am and aTT2. 

Tetanus toxin consists of three dornains. The Cfiragrnent binds to the neuronal cells,itissaidtobetheneuro6pe- 
cif ic binding domaia The B domain appears to be involved in the neuronal penetration of the A domain or L chain (Mon- 
tecucco & Schiavo, 1993). The L chain is responsible for the intracellular activity. 
35 The Cfragrnent is the rnostinununogenic part of the tetanus neurotoxin, and a reco^^ 

dally available {Boehringer and CaUbkxhem). We showed by ELISA that the aTTI bacterial extract binds equaDy well 
both to the cornplete tetanus toxoid and to the recombinant C fragment Therefore the epitope of this camel Vhh 
present on the C fragment. By contrast, the aTT2 extract binds to the corTf>l^e tetanus toxoid, but not to the C frag- 
ment. Ther^e the aTT2 recognizes an epitope located on the A or B domain. 

40 

The in vlyo neutralization of tetanus toxin toxicity. 

The neutralizing activity of the purified camel aTTI or aTT2 Vhh domains gainst tetanus toxin was tested. As a 
control, eight NMRl mice of 8 to 12 weeks (80 to 100 gr) were injected l.R with 400 ngr tetanus toxin (SmithKline Bee- 

45 Cham Biologicals) (= 10 times the LD50) in 0.1 ml PBS. To test the neutrafizing activity of the camel Vhh «TT1 or aTT2 
we preincubated 4 or 40 mgr of this purified recombinant protein with 400 ngr of the tetanus toxin in 0. 1 ml of PBS fbr 
30 minutes before LP. irijedion into the mice. The sunnval of the mice was followed over a period of 2 weeks (FIGURE 
9). It is dear that all mice injected with tfte tetmis toxin alone a in the presence of a norvspedfic purified camel Vhh 
(cVH21 of MuyMermans et al., 1994) were killed within 3 days. The survival of the rrnce injected with the tetanus toxin 

so was increased signrficantiy by the co-injectkx) of only 4 rngr of the purified camel aTT^ or aTT2. The survival was even 
more pronounced fbr the co-injection of tetanus toxin with 40 rngr of carnel Vhh- It appears that the aTTI had a sligthly 
higher neutralizing activity than the aTT2. This oouU originate from its intrinsic higher affinity fbr binding the tetanus 
tcxin (Sirrpson ef a/., 1990). Alternatively it might result from the bincfing of the aTTI Vhh to the fragment C of the tet- 
anus toxin which inhibits more the toxic effect than the binding of the aTT2 to Hs epitope outside the C fragment. 
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The heavy^chain antibodies, such as those derived from camel, and their fragments present dear advantages over 
IS other antibodes or fragments thereof derived from other animals. These are linked Id the cfistindive features of the 
heavy chain antSxxlies and in particular the novel fragments which can be produced t>y protedytic deavage within the 
hinge of these heavy-chain antSxxlles to generate the Vhh and the (VHHh)2 fragments. The VH domain of a heavy 
chain has distinct genetic entities which confer properties of solubifrty not found in VH fragments derived from conven- 
tionaJ antbodies. This property, in addition to its small size and to the fact that the amino add sequence of the frame- 
20 wori( regton is very homologous to that of human, ensures a minimum of immunogenk%. These properties wouU aOow 
repetitive treatment with heavy chain Vhh fragments for passive immunisation or antftxxiy therapy. As mentioned 
above, Vhh ^ ^hh^)^ fragments can easily be produced by proteolytic deavage of camel inmiunogk)buiins or via 
recombinant DNA technology. 

The rriost iirportant fiekj of passive irnrnuntsatton is intoxication due to b^ 
25 katnn or intoxication due to drug resistant bacteria. Passive immunisatton or treatment by antSxxfies is justified in 
those cases where vacdnatton is unpractical or its effects short-lived. They are particularly justified for acute intoxica- 
tion whk^h if left untreated wouM have lethal or cnpGng effects. 
The fdkMving list of indications is non-eochaustive: 

30 • Tetanos due to infection by Clostridium tetani is an inriportampost-traunriai^^ 
not tong lasting. It is also important in the veterinary fieU. 

- Botulism due to ingestion of tox&is produced by Ctostridlum Botulinum and related spedes. 

- Qangrerte due to infection t?y Ck>sbidium. 

- Necrotic Enteritis and Enterotoxemia in humans and livestock due to Clostridium Perfringens ingestion. 
35 - Food poisoning due to Staphyk)coccal endotoxins in those cases where antibkiti 

- Pseudomonas infection refractory to antftMOtic treatment and in particular ocular infections where rapxJ inten^ention 
is warranted. 

Diphteria toxin infection 

- PasteureOa and \^nia infection causing lethal outcomes In human and livestock. 

40 - Anttvax toxin produced t^BadllusAnthraxis and respondble for one of the five mi^ 

- Infections due to other bacterial agents such as Neisseria or viral agents. 

Furthermore, the relative resistance of the Vhh fragment to proteolytic deavage by digestive enzymes (ag. pepsin, 

trypsin) offer the possibility of treatment against important gut pathogens, such as Vbrio cholera and other vft>rios, 
45 enterotoxic E.Cdi, Salmonella spedes and Shigella or pattiogens Ingested with food such as Listeria. 

Another major target for immunottierapy is in the treatment of intoxication due to bites or contact with tOMC invertebrates 

and vertebrates. Among the inv e rte b rate s are sea anemonies. coral and jelfyfish, spklers, beas and wasps, scorpions. 

In ttie vertebrates, the venernous snakes are of particUiar inrportance and in parik^ 

of Viperidae, CrotalkJae and lapklea 
so Passive immunisation with partially purified tmmunogtobulins from immunized animals are allready being used. In 

devek)ping countries, antitelanos and antidphteria antisera are still produced on a very large scale, usually in horses. 

Anti-venom antibodies are produced, alttwugh on a much smaller scale, against venoms, especially snake venoms. 

Another fiekf of applteation is in combination with the therapeutic use of tosdns in medical or surgkal practice where 

neurotoxins such as botulinum toodn are increasingly used. 

56 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: HAMERS Raymond 

(B) STREET: Vljversweg 15 

(C) CITY: SINT-GENESIUS-RODE 

(E) COUNTRY: BELGIUM 

(F) POSTAL CODE (ZIP) : 1640 

(A) NAME: MUYLDERMANS Serge 

(B) STREET: Paardenstraat 65 

(C) CITY: SINT-GENESIUS-RODE 

(E) COUNTRY: BELGIUM 

(F) POSTAL CODE (ZIP): 1640 

(ii) TITLE OF INVENTION: VARIABLE FRAGMENTS OF IMMUNOGLOBULINS 
FOR THERAPEUTIC OR VETERINARY PURPOSES 

(ill) NUMBER OF SEQUENCES: 10 

(Iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 (EPO) 

(V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 95400932.0 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE** 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
GATGTGCAGC TGCAGGCGTC TGGRGGAGG 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "OLIGONUCLEOTIDE" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
C6CCATCAAG GTACCGTTGA 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc « "OLIGONUCLEOTIDE" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGACTAGTGC GGCC6C6TGA GGAGACG6TG ACCTC 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TGTCTTGGGT TCTGAGGAGA CGGT . 



SO 



SS 
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(2) INFORHATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TTCATTOGTT CCT6AGGA6A CGGT 24 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 357 base pairs 
^ (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

2S 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!.. 357 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GAG GTG CAG CTG CAG GCG TCT GGG GGA GGC TCG GTG CAG GCT GGA GGG 48 
Glu Val Gin Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
1 5 10 15 

35 TCT CTG AGA CTC TCC TGT GCG GCC TCT GGG GGA CAG ACC TTC GAT AGT 96 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Gly Gin Thr Phe Asp Ser 
20 25 30 

TAT GCC ATG GCC TGG TTC CGC CAG GCT CCA GGG AAG GAG TGC GAA TTG 144 
Tyr Ala Met Ala Trp Phe Arg Gin Ala Pro Gly Lys Glu Cys Glu Leu 
40 35 40 45 

GTC TCG AGT ATT ATT GGT GAT GAT AAC AGA AAC TAT GCC GAC TCC GTG 192 
Val Ser Ser He He Gly Asp Asp Asn Arg Asn Tyr Ala Asp Ser Val 
50 55 60 

45 AAA GGC CGA TTC ACC ATC TCC CGA GAC AAC GCC AAG AAC ACG GTA TAT 240 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Val Tyr 
65 70 75 80 



SO 



55 
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10 



IS 



20 



30 



35 



40 



CTG CAA ATG GAC CGT CTG AAT CCT GAG GAC ACG GCC GTC TAT TAC TGT 288 
Leu Gin Met Asp Arg Leu Asn Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

GCG CAA TTG GGT AGT GCC CGG TCG GCT ATG TAC TGT GCG GGC CAG GGG 336 
Ala Gin Leu Gly Ser Ala Arg Ser Ala Met Tyr Cys Ala Gly Gin Gly 
100 105 110 

ACC CAG GTC ACC GTC TCC TCA 357 
Thr Gin Val Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 7: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Glu Val Gin Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Gly Gin Thr Phe Asp Ser 
20 25 30 

Tyr Ala Net Ala Trp Phe Arg Gin Ala Pro Gly Lys Glu Cys Glu Leu 
35 40 45 

Val Ser Ser He il^ Gly Asp Asp Asn Arg Asn Tyr Ala Asp ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Val Tyr 
« 70 75 80 

Leu Gin Met Asp Arg Leu Asn Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Gin Leu Gly Ser Ala Arg Ser Ala Met Tyr Cys Ala Gly Gin Gly 
100 105 110 

Thr Gin Val Thr Val Ser Ser 
115 



4B 



SO 



55 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 381 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: doilble 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: COS 

(B) LOCATION:!. .381 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GAG GTG CAG CTG CAG GCG TCT GGA GGA GGC TCG GTG CAG GCT GGA GGG 
Glu Val 61n Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
"0 125 130 135 

TCT CTG AGG CTC TCT TGT ACA GCC GCT AAT TAG GCC TTT GAT TCC AAG 
Ser Leu Arg Leu Ser Cys Thr Ala Ala Asn Tyr Ala Phe Asp Ser Lys 
140 145 150 

ACC GTG GGC TGG TTC CGC CAG GTT CCA GGA AAG GAG CGC GAG GGG GTC 
Thr Val Gly Trp Phe Arg Gin Val Pro Gly Lys Glu Arg Glu Gly Val 
155 160 165 

GCG GGT ATC AGT AGT GGT GGC AGT ACC ACA GCC TAT TCC GAC TCC GTG 
Ala Gly He Ser Ser Gly Gly Ser Thr Thr Ala Tyr Ser Asp Ser Val 
170 175 180 

AAG GGC CGA TAG ACC GTC TCC CTT GAG AAC GCC AAG AAC ACT GTG TAT 
Lys Gly Arg Tyr Thr Val Ser Leu Glu Asn Ala Lys Asn Thr Val Tyr 
185 190 195 

CTA CTG ATA GAC AAC CTA CAA CCT GAA GAC ACT GCC ATA TAC TAC TGC 
Leu Leu He Asp Asn Leu Gin Pro Glu Asp Thr Ala He Tyr Tyr Cys 
200 205 210 215 

GCA GGA GTG AGC GGT TGG CGA GGG CGG CAG TGG CTC CTA CTC GCA GAG 
Ala Gly Val Ser Gly Trp Arg Gly Arg Gin Trp Leu Leu Leu Ala Glu 
220 225 230 

ACC TAT CGG TTC TGG GGC CAG GGG ACT CAG GTC ACC GTC TCC TCA 
Thr Tyr Arg Phe Trp Gly Gin Gly Thr Gin Val Thr Val Ser Ser 
235 240 245 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 127 amino adds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Glu Val Gin Leu Gin Ala Ser 61y Gly Gly Ser Val Gin Ala Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Thr Ala Ala Asn Tyr Ala Phe Asp Ser Lys 
IS 20 25 30 

Thr Val Gly Trp Phe Arg Gin Val Pro Gly Lys Glu Arg Glu Gly Val 
35 40 45 



10 



20 



Ala Gly He Ser Ser Gly Gly Ser Thr Thr Ala Tyr Ser Asp Ser Val 
50 55 60 

Lys Gly Arg Tyr Thr Val Ser Leu Glu Asn Ala Lys Asn Thr Val Tyr 
65 70 75 80 

2s Leu I^u He Asp Asn Leu Gin Pro Glu Asp Thr Ala He Tyr Tyr Cys 

85 90 95 

Ala Gly Val Ser Gly Trp Arg Gly Arg Gin Trp Leu Leu Leu Ala Glu 
100 105 110 



30 



40 



Thr Tyr Arg Phe Trp Gly Gin Gly Thr Gin Val Thr Val Ser Ser 
115 120 125 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 98 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 27. .31 

(D) OTHER INFORMATION :/product= "OTHER" 
/labels CDRl 

/note= "This domain can contain up to 25 variable 
amino acid residues." 



so 



ss 
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(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 33 

(D) OTHER INFORMATION :/note» "Xaa at position 33 
represents either Phe or Tyr" 

(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 41 

(D) OTHER INFORMATION :/note= "Xaa at position 41 
represents either Arg or Cys" 

(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 43 
(D) OTHER INFORMATION :/note= 

represents either Gly 

(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 4 6.. 50 
(D) OTHER INFORMATION :/prodUCt« "OTHER" 

/labels CDR2 

/notes "This domain can contain up to 25 variable 
amino acid residues." 

(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 83. .87 

(D) OTHER INFORMATION :/product» "OTHER" 
/labels CDR3 

/notes "This domain can contain up to 25 variable 
amino acid residues." 



"Xaa at position 43 
or Leu" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Glu Val Gin Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Xaa Xaa Xaa Xaa Xaa Trp 
20 25 30 

Xaa Ala Gin Ala Pro Gly Lys Glu Xaa Glu Xaa Val Ser Xaa Xaa Xaa 
35 40 45 

Xaa Xaa Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Thr Val Tyr 
50 55 60 

Leu Gin Met Asn Ser Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
65 70 75 80 

Ala Ala Xaa Xaa Xaa Xaa Xaa Trp Gly Gin Gly Thr Gin Val Thr Val 
85 90 95 
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Ser Ser 



Claims 

1. Variable fragment (Vhh) off a heavy chain off an inr^^ 
otide sequence obtainable by the following process: 

- treating blood tynrphocytes or other appropriate cells of an animal of the Cameiid family previously immunized 
with a determined antigen, in oider to give access to their mRNA, 

synthesizing a first strand off cDNA starting from the obtained mRNA, 

- contading the obtained cDNA with at least two different primer oligonucleotides in condHions allowing their 
hybridization to at least two conplementary nucleotide sequences contained in the cDNA, said primers com- 
prising a BACK primer (back pi) having the following nucleotide sequence S-GATGrroCAGCTGCAQ- 
GCGTCTGQ(A/G)GGAGK>3* and a FOR primer (forp 1) replying to the following nucleotide sequence 5*- 
CGCCATCAAQGTACCGTTGA^' 

- amplifying the DNAfragmem located between the nudeotidesec^j^^ 

- recovering amplified DNA corresponding to bands off (fiflerent size oideis including: 

a l>and off around 750 basepairs which is the ampTified product of the variable heavy chain (Vh). CHI, 
hinge and part off CH2 region off a four-chain tmmunoglobin, 

a band of around 620 basepairs which is the amplified product of the variable heavy^^hain (Vhh). long 
hinge, and part of the CH2 off the camel twoKShain imnrwoglobulin lgQ2. 

a band off around 550 basepairs which is the amplified product of the varialale heavy-chain (Vhh). short 
hinge, and part off the CH2 off the camel two-chain immunoglobulin lgG3, 

- purifying the two shortest bands from agarose gel, for example by Gene Clean, 

- recovering the amplified Of4A fragments containing nucleotide sequences encoding the Vhh fragments, 

- digesting tfie ampl'rfied products with restriction enzymes having target sites within the arnplified fragments 
andAv in the nucleotide primers, for exarrple with PstI and BstEll, 

recovering the digested anrplif ied Df^ fragments, 

- ligating the amplified DNA fragments to a phasmid vector, for example in a pHEN4 vector, in conditions allow- 
ing the esqxession of the amplified fragments when the obtained recoiit)i 

cell, 

- transforming a determined bacterial host ceil for example an E. Coli cell with the obtained recombinant phas- 
mid vector. arxJ growing the cells on selective medium, to form a Ibrary, 

- infecting the obtained lft)rary off recombinant host cells after culture in an appropriate selective medium, wHh 
bacteriophages, for instance M13K07 bacteriophages to obtain recombinant phagemid virions, 

- incut>ating the recombinant host cells in conditions allowing secretion of recombinant phagemid virions parti- 
cles containing the recombinant phasnvd. for instance the pHEN4 phasmid packaged within the M13 virion. 

- isolating and concentrating the recombinant phagemid virions, 

- submitting the phagemid virions to several rounds of panning with the antigen of interest previously invnobi- 
lized, in condHions allowing the adsorption of the phagemid virions on the immobifized antigen, 

eluting the adsort)ed phagenwl virions, and growing them on appropriate cells, 

- ampfifying the phagemid virions by infecting the cells with helper bacteriophage, 

- recovering the virions and testing them for their binding activity against the antigen din^ 
ELISA. 

- recovering the phagemid virions having the ap propri a te binding activity, 

- isolating the nucleotide sequence contained in the phasmid vector and capable of being eocpressed on the 
phagemid virions as a Vhh aminoadd sequence having the appropriate binding activity 

Z Variable fragmem (Vhh) off a heavy chain of an iinmunoglobulindewoid of ligM 

otide sequence oblai naUe by a process according to the one d isclosed in daim 1 , wherein an additional amplifica- 
tion step off the cDNA obtained from the mRNA is performed wHh oligonucleotide primers having respectively the 
following nucleotide sequences: 
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BACK primer: 5'<WGTCICAGCTGCAGK3CGTGTQG(A/G)GGAG(^ 
FOR primer: CGCCATCAAQGTACCGTTGA-a' 

3. V^aUe fragment (Vhh) of a heavy chain of an immunogiobufin devoid of light chains, which is encoded by a nucle- 
otide sequence obtainable by a process acconfing to the one disclosed in daim 1 , wherein the amplification step 
of the cDf^ obtained from the mRNA is peribrmed with oGgonudeotide primers having respectively the foDowing 
mjdeotide sequences: 

BACK primer: 5'-QATGTGCAGSTCQ^GKX3iareG(A/G)GQACO^ 
FOR primer 3: 5*- TOT CTT QGG TTC TGA GGA GAC GGT -3' 
FOR primer 4: S-TTC ATT CGT TCC TOA QQA GAG OCT -3' 

4. Variable fragment of a heavy chain of an immuglobulin devoid of light cfiains according to anyone of claims 1 or 2. 
encoded by a nucleotide sequence obtainable from blood lynphocytes or other appropriate cells of camelids 
wfierein the camelids have been immunized with a determined antigen prior to the treatment of their blood lym- 
phocytes or other appropriate cell& 

5. V^viaUe fragment of a heavy chain of an immuglobulin devoid of Gght chains according to anyone of daim 1 to 4 
encoded t>y a nudeotide sequence obtainable from blood lymphocytes or other appropriate cells of camelids char- 
acterized in that the camelids have been previously immunized with an antigen which is a toxin of a bacteria or the 
oorresponcfing toxoid. 

6. Variable fragment of a heavy chain of an immuglobulin devoid of light chains according to daim 5 encoded by a 
nudeotide sequence obtainable from blood lymphocytes or other ap p rop ri ate cells of camelids wherein the antigen 
is the tetanus toxoid of Clostridium tetani. 

7. Variable fragment of a heavy chain of an immuglobulin devoid of Bgfit chans encoded by a nudeotide sequence 
according to daim 5 wherein the antigen is a bacterial toxin or toxoid chosen among those of the following bacteria: 
Clostridium espedally dostridum Botulinum or Clostridium Perfringens. Staphylococcia Pseudomonas. Pas- 
teurella. Yersinia. Badllus Anthrads. Neisseria. Vibrio, espedaliv Vtorio cholera, enterotoxic E. Coli. Salmonella. 
Shi qePa. listeria. 

8. Variable firagment of a high diain of an Immuglobulin devoid of light chains encoded by a nudeotide sequence 
obtainable from blood lymphocytes or other appropriate cells of cameGds, wherein the camdids have been inmi- 
nized witti an antigen present in venom of animals. 

9. Variable fragment of a high chain of an immuglobulin devoid of light chains according to daim 8, encoded by a 
nudeotide sequence wherein the antigen is a toodn or toxoid chosen among those produced by anemonies, coral, 
jellyfish, spiders, beas, wasps, scorpions, snakes^ induding those belonging to the fanulies of Viperidae, Crolali- 
dae, Lapidea 

10. Variable fragment off a heavy chdn of an irrimglobu&n devoid of 
characterized in that it corvprises the following arrvnoadd s^ 
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GluVaiGlnLeuGlnAlaSerGlyGlyGlySerValGlnAlaGlyGlySerLeuArgLeu 
SerCysAlaAlaSerGlvf CPR1 )Trp f Phe T vr\AroGlnAlaProGlvLysGluf Am/Cvs) 
GlufGlv/ Leu)ValSer(CDR21AmPheThrlleSerArQAspAsnAlaLysAsnTTi^^ 
TyrLeuGlnMetAsnSerLeuLysProGluAspThrAlaVaiTyrTyrCysAlaAla(CDR^ 
TrpGlyGlnGlyThrGlnVaUhrValSerSer 

wherein CDR1 . CDR2 and CDR3 represent variable amino add sequences providing for the recognition of a deter- 
nrined epitope of the antigen used for the immunization of Carnei^ 

Ing from 5 to 25 amino add residues preferably CDR1 contains from 7 to 12 amino add residues, CDR2 contains 
from 1 6 to 21 amino add residues and CDR3 contains from 7 to 25 amino add residies. 

The camel Vhh specific amino add residues Ser 11 , Phe 37. Glu 44. Arg 45, Qlu 46, Gay 47 are underlined. 

11. Variable fragment of a heevy chain of an immuglobulin devoid of Dght chains coded by a nudeotide sec^ence 
present recombinant phasmid pHEN4-aTT2(WK6) deposited at the BCCM/LMBP under accession number 
LMBP3247. 

12. V^riabfofragmem of a heavy chain of an immunoglobulin devoid 
the following aTTI sequence: 

GluValGlnLeuGinAlaSerGlyGlyGlySe/ValGlnAlaGlyGlySerLeuArgLeu 

SerCysAlaAlaSer<3lyGlyGlnThrPhe>lspSerryr>l/aMeM/aTrpPA 

AlaProGlyLy5GluCysGluLeuValS6rSeif/elleGlyAsp>lspAsn>lig>lsnrj^ 

A/aAspSeiVa/LysGiyArgPheThrileSerArgAspAsnAlaLysAsnThrV^ 

LeuGlnMetAspArgLeuAsnProGliiAspThrAiaVaiTyrTyrCysAlaGlnLeuG/y 

SerA/aAigSer>l/aMefryrCysAlaGlyGlnGlyThKSIn^^ 



21 



EP0739 981 A1 



1 3. VSariaUe fragment of a heavy chain of an immunoglobulin devoid of fight chains characterized in that it comprises 
the folkywing aTT2 aminoadd sequenca 



GluValGlnLeuGlnAlaSerGlyGlyGlySeiValGlnAlaGlyGlySerLeiiArgLeu 



SerCysThrAiaAlaAsnTyrAlaPheAspSerLysThrValGlyTrpPheArgGlnVal 



ProG\ylysG\uArgG\uG\^a\MaGtylleSerSerGlyGlySerThr^^ 



SerAspSeiVa/LysG/yArgTyrThrValSerLeuGluAsnAlaLysAsnThrVal^^ 



LeuLeulleAspAsnLeuGinProGluAspThrAlali6TyrTyrCysAlaGly\/a/Ser 



GlyTrpArgGlyArgGlnTrpLeuLeuLeuAlaGlulhrlyrArgPheTr^^ 



ThrGlnValThrValSerSer 



14. Variable fragment of a heavy Chain of an immunoglobulin de^ of li^^ 
13 characterized In Ifiat it Is jinked to at least one further variable fragmert 
devoid of fight chains aooordng to anyone of dainrs 1 to 13, the Vhh fi^^ 

15. Viable fragment of a heavy chains of an immunoglobulin devoid of light chains according to anyone of claims 1 to 
13 characterized in that it is finked to at least one further variable fragment of heavy chains of an immunogf obufin 
deMrid of fight according to anyone of claims 1 to 13, the Vhh fragments having different antigen 8pedficitie& 

16. Pharmaceutical composHion, cfiaracterized in that it comprises an imnumoglobulin variable fragment acoordirig to 
anyone of dainris 1 to 13 in admbdure with a physiolo^caHy a 

17. Pharmaceutkari composition aooofding to claim 14 Ibr the treatn^ 

intoxication by toxins such as those of Ctostridiyim, especially Clostridium Botulinum or aostridium Perfrinffens. 
Staphylococcus, Pseudomonas. Pasteurella. Vfersinia. Bacillus Anthracis. Neisseria. Vibria especially Vibrio chol- 
^ entOTtqxigE, £fifi^ Salmpngfia, ShiggUft Usteria or anemonies, coral, jellyfish, spidere, beas, wasps, scorpi- 
ons, snakes, including those betonging to tfte famifies of Vf>eridae, Crotalxiae, Lapidea. 

18. immunoglobulin variable fragment according to anyone of claims 2 to 10 for use for the treatment by passive immu- 
nisation, of infectkm or &ciultB intoxk^ation by toodns such as those of Ctostridium, espedalty Ctostridum Botulinum 
or Ck>stridium Perfringens, Staphykxnccus, Pseudomonas, Pasteurella. Yersinia, Bacillus Anthracis, Neisseria. 
Vibria especially Vbrio cholera, enterotoodc E. CoR. Salmonella, Shigella, Usteria or anemonies, coral, jefiyfish, 
spklers,beas, wasps, scorprans, snakes, including those beton^ng to the fa^ Crolafidae, Lapi- 
dea. 

19. Nucleotide sequence coding for a variable fragment (Vhh) <^ a heavy chain of an Immunogtobufin devokl of light 
chains obtainable by the foUowing process: 

- treating bkxxi lymphocytes or other appropriate cells of an animal of the Camelid family premusly immunized 
with a determined antigen. In oider to give access to their mRNA, 



22 



EP0739 981 A1 



- synthesizing a first strand of cDNA starting from the obtained mRNA, 

- contacting the obtained cDNA with at least two different primer oligonucleotides in conditions allowing their 
hybridization to at le^ two complementary nucleotide sequences contained in the cDNA, said primers com- 
prising a BACK primer (back pi) having the fiollGwing nucleotide sequence S'-GATOTQCAGCTGCAGh 

5 GCGTCTQG(A/G)GGAQG^' and a FOR primer (Ibrp 1) replying to the following nucleotide sequence 5*- 

CGCCATCAAGGTACCGTTGA^' 

- anpGfying the DMA fragment located between the nucleotide secpjence hybridized wHh said primers and. 

- reoGvermg amplified DMA corresponding to bands of different size orders including: 

10 a band of around 750 basepairs wfHch is the arrpTied product of the variable heavy 

hinge and part of CH2 region of a four-chain immunoglobin, 

a band of around 620 k>asepairs wfiich is the amplKed product of the variable heavy-chain (Vhh)> long 
hinge, and part of the CH2 of the camel twochain immunoglobulin lgG2, 

a band of around 550 basepairs which is the amplified product of the variable heavy-chain (Vhh). short 
IS hinge, and part of the CH2 of the camel two^iiain immunoglobulin lgG3, 

purifying ihe two shortest bands from agarose gel, for example by Gene Clean, 

- recovering the ampTrf ied DMA fragments containing nucleotide sequences encoding the Vhh fragments, 

- digesting the amplified products with restriction enzymes having target sites within the amplified fragments 
20 and/br in the nucleotide primers, for example with PstI and BstEII. 

- recovering the digested amplifted DHA fragments, 

- ligating the amplified DNA fragments to a phasmid vector, for example in a pHEN4 vector, in conditions allow- 
ing the e99)re68ton of the amplified fragments when the obtained reoonfM^ 

cell. 

2s - transforming a detenninedt>acterial host ceD for exarnple an E. Coii cefl with the obdained recombinant phafr- 
rnid vector, and growing the cefls on selective rnedium, to form a library^ 

- infMing the obtained library of recombinant host ceils after culture in an appropriate selective medium, with 
bacteriophages, for instance M13K07 bacteriophages to obtain recorrfoinant phagemid virions, 

- harvesting the recombinant host cells, adsorbed with the bacteriophages, 

30 - Incubab'ng the reoonfoinam host cells in conditions allowing secretion of reo 

des containing the recombinant phasmid, for instance the pHEN4 phasnud packaged within the M13 virion. 

• isolating and concentrating the reooriibinamphagernid virions, 

- submitting the phagemid virions to several rounds of panning with the antigen of interest previously immobi- 
lized, in conditions allowing ttie adsorption of ttie phagemid virions on the immobiGzed antigen. 

3S - elutingtiieadsort>ed phagemid virions, and growing them on appropriate cells, 

- arrplifyirig the phagemkivirfons by infMing the cells withheld 

- recovering the virions and testing them for ttieirb'nding activity against the antigm 
EUSA, 

• recovering the phagemid virions having the appropriate k>inding activity, 

40 - isolating tfie nucleotide sequence contained in tt^ phasmid vector and capable of being enpressed on ttie 
phagernkJ virions as a aminoackJ sequence having ttie appropriate bin^ 

20. Nudeotkie sequence coding for a variable fragment Vhh ^ ^ heavy cfiain of an immunogfobulin devokJ of light 
chain, directed against an epitope of ttie tetanus toxin of Clostridium tetani, characterized in that it codes for an 

45 anino acM sequence according to dtim 12 or 13. 

21. Nucleotide sequence cocfing for a variable fragment Vhh of a heavy chain of an immunogtobulin devokJ of light 
chain, directed against an epitope of ttie tetanus toxin of Ctostridium tetani. characterized in that is con 

of the following nucleotide sequences: 

so 
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aTTI 



10 20 30 40 50 60 

, , • > I I 

I I I I 

ga6gtgcag6ix;caggcgt6tg6gggaggctcggtgcaggctggagg6Tct 



79 89 90 100 110 120 

• • ! ! ! 

TCCTGTGCGGCCTCT6GG6GACAGACCTTCGATAGTTATGCCATGGCCTTC 



139 140 150 160 170 180 



• I 



GCTCCAGGGAAGGAGTGCGAATTGGTCTCGAGTATTATTGGTGATGATAACAGAAACTA 



199 209 210 220 230 240 

: : : 

GCCGACTCCGTGAAAGGCCGATTCACCATCTCCCGAGACAACGCCAAGAAC^^ 

259 269 270 280 290 300 

I I 1 I • » 

CT6CAAATG6ACC6TCTGAATCCTGA6GACACGGCC6TGTATTACTG 

319 329 330 340 350 

• J : : 

AGTGCCCGGTCGGCTATGTACTGTGCGGGCCAGGGGACCCAGGTCACCGTCTCCTCA 
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aTTZ 



10 20 30 40 50 60 

t I I I I I 

GAGGTGCAGCTGCAGGCGTCTGGAGGAGGCTCGGTGCAGGCTGGAGGGTC^^ 



70 80 90 100 110 120 

I I I I I I 

« ■ • . I I I 
TCTTGTACAGCCGCTAATTACGCCTTTGATTCCAAGACCGTG 



130 140 150 160 170 180 

• i I • I I 

• I I I I I 

CCAGGAAAGGAGCGCGAGG6GGTCGCGGGTATCAGTAGTGGTGGCAGTACCACAGCCTAT 



190 
t 
I 



200 



210 
I 

I- 



220 



230 
I 



240 
I 
I 



250 260 270 280 290 300 

■till I 

• •til I 
CTACTGATAGACAACCTACAACCTGAAGACACTGCCATATACrACTGCGCAG^ 



310 320 330 340 350 360 

III*' * 
GGTTGGCGAGGGCGGCAGTGGCTGCTACTGGCAGAGACCTATCGGTTC^ 



370 380 
I 1 

ACTCAGGTCACCGTCTCCTCA 
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P. 4 




FIGURE I 
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4I39J67UII 




pHEN4 

4S31 bps 



VH ckmiiig site 



2292^fiidin 




\Naiiai4l 
\BsiBll2\56 
aai7iHUl63 



£a»RI.875 



;r/iiiiij082 



aom HI.15I2 



Fmi B leader mignel X 0 V o L Q (W cloning site) V t V s s 

MO QCC CAO GTO CAG OCSjCAG CAC CTC GAC CAT Ccn grr Afy OTC TCC AfiC 

Bsc EII 



6fl X 



PSC Z 



' Acap^ids teg x x- • genlllp 

GfiC-CaC TAC ceo TAC OAC GIT CX3B OAC TAC OCT TCCJSKJSA OCA TM ACT GTT 

Bag X 



Not I 



FIGURE 2 
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pHEN4-ci(TTl 

lO 20 30 40 50 60 

• ill' ' 

GAGGTGCAGCTGCAG6CGTCTGGGGGAG6CTCGGTGCAGGCT66AGGGTCTCTGAGACTC 

GluValGlnLeuGInAlaSerGlyGlyGlySerValGlnAlaGlyGlySerLeuArgLeu 



70 SO 90 100 110 120 

2 I I.I I I 

I I I I • I 

TCCTGTGC6GCCTCTGGGGGACAGACCTTCGATAGTTAT6CCATGGCCTGGTTCCGCCAG 
SerCysAlaAlaSerGlyGlyGlnThrPheAspSerTyrAlajlETAlaTrpPheArgGln 



130 140 ISO 160 J 70 180 

I j [ J I • 

6CTCCAGGGAAGGAGTGCGAATTGGTCTCGAGTATTATTGGTGATGATAACAGAAACTAT 
AlaProGlyLysGluCysGluLeuValSer SerllelleGlyAspAspAsnArgAsnTyr 

190 200 210 220 230 240 

!:!!:: 

GCCGACTCCGTGAAA6GCCGATTCACCATCTCCCGAGACAACGCCAAGAACACGGTATAT 
A 1 a AspSe r Va 1 LysG 1 y A r gPhe Th r 1 1 eSe r A rgAsp AsnA 1 aLysAsnThr Va 1 Ty r 

250 260 270 280 290 300 

I i • I • • 

CTGCAAATGGACCGTCTGAATCCTGAGGACACGGCCGTGTATTACT6TGCGCAATTGG67 

LeuGlnflEXAspArgLeuAsnProGluAspThrAlaValTyrTyrCvsAlaGln LeuGlv 

310 320 330 340 350 

! I ! * ' 

AGTGCCCGGTCGGCTATGTACT6TGCGGGCCAGGGGACCCAGGTCACC6TCTCCTCA 

S e r A 1 a A rgS R r A 1 am T Ty r Cy sAJ aG 1 y G 1 nG J y T h rG 1 o Va J T h r Va 1 Se r Se 



FIGURE 4A 
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pHEN4- «^TT2 

10 20 30 40 50 60 

I I I I I I 

GAGGTGCAGCTGCAGGCGTCTG6AGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGGCTC 
GluValGlnLeuGlnAlaSerGlyGlyGIySerValGlnAlaGlyGIySerLeuArgLeu 



70 80 90 100 110 120 

I I I I I I 

TCTTGTACAGCCGCTAATTACGCCTTTGATTCCAAGACCGTGGGCTGGTTCCGCCAGGTT 
SerCysThrAlaAlaAsnTyrAlaPheAspSerLysThrValGlyTrpPheArgGlnVal 



130 140 ISO 160 170 180 

I I I f I I 

CCAGGAAAGGAGCGCGAGGG6GTCGCGGGTATCAGTAGTGGTGGCAGTACCACAGCCTAT 
ProGlyLysGluArgGluGlyValAlaGlylleSerSerGlyGlySerThrThrAlaTyr 



190 200 210 220 230 24 O 

■ fill • 

TCC6ACTCCGTGAA6GGCCGATACACCGTCTCCCTT0AGAACGCCAAGAACACTGTGTAT 
SerAspSerValLysGlyArgTyrThrValSerLeuGluAsnAlaLysAsnThrValTyr 



250 260 270 280 290 300 

i I I I I I 

CTACTGATAGACAACCTACAACCTGAAGACACTGCCATATACTACTGCGCAGGAGTGAGC 
LeuLeuIleAspAsnLeuGlnProGluAspThrAlalleTyrTyrCysAlaGlyValSer 
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